Simultaneous determination of the circadian rhythms of locomotor activity and body temperature was carried out in the rat. Deep body temperature was monitored continuously using a telemetric device. The circadian rhythm of locomotor activity was characterized by clustering of several bursts of activity during the dark period.
To study internal relationships among several biological rhythms, it is necessary to determine simultaneously more than one function in the same subject. In studies of chronobiology using small rodents such as rats, only a few papers are available in which several biological rhythms were determined simultaneously (ASCHOFF and VON SAINT PAUL, 1973; SPENCHER et al., 1976) . The main reason for this seems to be that simultaneous measurements of many functions are possible only with such external restrictions that would disturb the circadian rhythm of experimental animals. To circumvent this difficulty and to obtain information continuously from freely behaving animals, the use of telemetric devices appears to be of vital importance.
The use of a continuously recording device revealed in the rat that the cir-cadian rhythms of locomotor activity and body temperature were well maintained during the light-dark cycle and under constant dimly illuminated conditions (HALBERG, 1965; RICHTER, 1967) . It was also shown in the rat that the bursts of locomotor activity associated with feeding accounted for the increase in body temperature (ABRAMS and HAMMEL, 1964) and elevation in oxygen consumption was precisely tied in time to an occurrence of the burst of activity (MORRISON, 1968) . But since in these studies the body temperature was not telemetered, there is little doubt that the rats responded to the external restrictions. Nevertheless, these studies suggest that there exists a causal relation between locomotor activity and body temperature. On the other hand, studies on human subjects disclosed that dissociation of physical activity from body temperature occurs in a continuously awakened state (KLEITMAN, 1923) , after a sudden phase shift of sleepwakefulness (SHARP, 1961) or when subjects have been isolated from all environmental time cues (ASCHOFF et al., 1967) . The purpose of this study is to introduce an efficient telemetric device for monitoring body temperature in combination with a monitoring system for locomotor activity in the same rat and to clarify internal relationships between the circadian rhythms of these two functions. 
RESULTS
Circadian rhythms of locomotor activity and body temperature in a single rat in light-dark cycles An example of simultaneous determination of circadian rhythms of locomotor activity and body temperature is shown in Fig. 1 . Activity bursts of 1-2 hr duration were observed during the dark periods. Apparently, a clustering of the bursts at night is the main feature of the circadian rhythm of locomotor activity. Similarly, body temperature showed two components of fluctuation : one, small rapid undulations which seemed to be tied in time with the burst of locomotor activity, and the other, slow undulations which corresponded with the light-dark cycle. * Rats were the same as in Fig . 2 . Slope, regression coefficient. Level, estimated value of body temperature for zero of locomotor activity. r, correlation coefficient between locomotor activity and body temperature.
In the right three columns are given probabilities to estimate statistical significance for r (t-test) and for differences of slopes and levels between light and dark (two-tailed F-test). cantly correlated with body temperature measured 15 min later than the former. The slopes of regression lines for the dark and light periods were essentially the same, indicating that the manner in which the increase of locomotor activity results in an increase of body temperature is fundamentally the same for the two periods. However, the levels of body temperature during the dark period were significantly higher than those during the light period. This indicates that an increase of body temperature during the dark period can not be explained solely in terms of an increase of locomotor activity. In other words, the circadian rhythm of body temperature is not a direct result of the circadian rhythm of locomotor activity. HEUSNER (1956) found a similar relation between oxygen consumption and locomotor activity in rats. He demonstrated a nocturnal augmentation of oxygen consumption, not connected with an increase of body movement; oxygen consumption during night was elevated 12-30 % over the diurnal level at rest. To this value was added an extra-consumption of oxygen which was directly proportional to the spontaneous activity. Body temperature did not show a significant correlation with increments of locomotor activity in the last phase of the dark period as illustrated in Fig. 3 . This appears to indicate that body temperature did not necessarily rise during this period even when body movements increased. Thus it becomes necessary to postulate a participation of another mechanism for the regulation of the circadian rhythm of body temperature.
A large circadian oscillation of temperature was shown in human subjects kept at rest for the entire experimental period (ASCHOFF and POHL, 1970) . SHARP (1961) reported a transient dissociation of two circadian rhythms : following a 12-hr shift of routine life, it took 3-4 days for the temperature rhythm to adapt to a new cycle. These results indicate that the temperature variation was not directly dependent on physical activity. Deep body temperature is determined by a balance between heat production and heat loss. HILDEBRANDT and ENGEL-BERTZ (1953) reported that the daily variation in skin temperature showed almost a mirror image of the change in rectal temperature. ASCHOFF and HEISE (1972) demonstrated the existence of daily rhythm in heat conduction in resting men and concluded that 75 % of circadian variation in core temperature was due to variation of heat loss, the remaining 25 % being due to the change in heat production. In our study the circadian rhythm of heat loss was not monitored. Nevertheless, it is likely that in the rat too, a daily change of heat loss mechanism participates in the regulation of the circadian rhythm of body temperature.
The circadian rhythms of locomotor activity and body temperature are known to run freely with slightly different periods from 24 hr in the absence of all Zeitgebers. ASCHOFF et al. (1967) demonstrated an internal desynchronization between the free-running rhythms of locomotor activity and rectal temperature in men who were isolated from time cues. ASCHOFF and VON SAINT PAUL (1973) also demonstrated in the chicken that the free-running rhythm of brain temperature persisted after the circadian rhythm of locomotor activity had been abolished in constant dim illumination. They postulated that the circadian rhythms of locomotor activity and body temperature were regulated by different oscillators. In the rat exposed to 200 lux continuous light, however, the same internal phase angle difference was preserved between these two functions. This suggests that the two rhythms are coupled to a common oscillator (HONMA and HIROSHIGE, 1978a) . Prolonged exposure to continuous illumination decomposed the circadian rhythm of locomotor activity into bursts occurring over a 24-hr period (HoNMA and HIROSHIGE, 1978b) . As shown in Fig. 4 , the circadian rhythm of body temperature also is obscured under prolonged continuous light, resulting in bursts of rapid fluctuation. The analysis of the relationship between the two variables (Fig. 5 ) revealed that body temperature was devoid of the circadian rhythm under this condition and rapid undulations appeared as a direct consequence of changes in locomotor activity.
